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Introduction
The way a listener determines the sound quality of a product is a very complex phenomenon. According to Jekosch [1] , the perceived quality results from a comparison process: the subject assesses what is actually presented to him with respect to a "desired" stimulus. As an example, the best sound quality rating is reached when the system under test fulfil the listener's expectations towards this item. Moreover, for the specific case of sound reproduction devices, the result of the quality assessment relies not only on the system under test itself but also on numerous external factors such as the stimulus type and the listening environment [2, 3, 4] . As these parameters may interact with the system under test, they could modify the way it is perceived and affect the sound quality. As a result, the subjective characterization of loudspeakers is a difficult and time-consuming task. The parameters to be controlled are numerous, see Toole [5] for a review, and the results of such experiments are often very context-dependent. The Audio Engineering Society and the International Electrotechnical Commission have both provided recommendations dedicated to the subjective evaluation of loudspeakers [6, 7] . The International Telecommunication Union has also published a wide range of recommendations for the subjective evaluation of sound quality. The main guidelines of these recommendations are summarized in ITU-R BS.1284 [8] .
Finally, the controlled experimental conditions needed to obtain reliable and repeatable quality judgments from a listening test are very far from the conditions under which a loudspeaker is intended to be used. As an example, assessing loudspeaker sound quality by listening to short stimuli at a predefined level might appear rather unnatural to subjects. In this section, the main issues of loudspeaker sound quality evaluation are reviewed and discussed in order to design assessment procedures and to compare them on the basis of the sound quality ratings they might provide about different loudspeakers.
Stimulus presentation
It is often recommended to present the systems under test (loudspeakers or whatever) in a multiple presentation layout (at least by pairs) to facilitate the evaluation. Even when absolute judgments are wanted, the loudspeakers are often presented by pairs to ease the task. This procedure is referred to as paired ratings by IEC [7] . According to Toole [9] , comparisons must be as quick as possible to ensure a maximum discrimination and a minimum variability in the assessments. Paired comparison appears then as a reliable way to estimate loudspeaker sound quality. It can be accomplished either by listening consecutively to the two systems under test or by switching from one system to the other one at any time. This first presentation method is often referred to as AB comparison, the stimuli have to be heard one just after the other [2] . This procedure appears as the most exact way to compare two stimuli and is therefore often recommended for psychoacoustic experiments [10] . In the second presentation method, the switching process can be done by either an operator [9] or the listener himself [2] . This kind of procedure makes also possible the assessment of more than two systems in a single trial using multiple comparisons [11] and is then referred to as MUSHRA (MUlti Stimulus test with Hidden Reference an Anchor) by ITU [12] and is often called so even when used without reference or anchor [13, 14] .
Stimulus type
According to previous studies [2, 3, 4] , the subjective assessment is strongly dependent on the content of the excerpts used as test material. Therefore, it is advised to perform the test on various excerpts that exhibit different spectral and temporal features. Short stimuli should be preferred for AB comparison because of the human auditory memory [2] . As recommended by Lavandier et al. [15] , their duration should not exceed about 5 s. To compare loudspeakers using longer stimuli, AB comparison should be avoided because of the difficulty of memorizing long sequences. An alternate listening with switching possibility shall be preferred. In any case, this approach, based on long stimuli, is more consistent with a natural experience of music listening. However, when enabling the listener to switch between the systems at any time, one cannot exclude that he will focus his attention on a specific part of the sequence which might be in addition different from one subject to another.
Loudness matching
To compensate for the loudness influence over the subjective assessments [16] , loudness-matched stimuli are usually presented in listening tests. A common prerequisite to the subjective evaluation is then to check that the perceived reproduction level (i.e. loudness) is alike for all of the loudspeakers under test. The two well-known loudness models developed by Zwicker and Fastl [10] and Moore et al. [17] were designed for steady-state sounds. Modified versions of these models have been developed over the past years [18, 19] for time-varying signals and proved their efficiency on synthetic and technical sounds [20] . However, such model-based estimates are still rarely considered for long music excerpts that are commonly used to assess loudspeaker sound quality as they may exhibit large loudness fluctuations throughout their durations.
As a matter of fact, the loudness matching is often finally accomplished subjectively by the experimenter himself or by several expert subjects prior to the listening tests [6] . The level is then set to a value that is assumed to be the preferred listening level for the average listener [7] , according to the type of stimulus (generally music) under test, and matched over the different systems under test. However, the fact that the loudspeakers are presented at a preset level might appear unnatural to the listener who could possibly wish to choose it himself.
Listening environment
When several loudspeakers are presented to listeners for direct comparison, they cannot be set exactly at the same position in the listening room. This fact is a matter of concern: the effects of loudspeaker positions over subjective assessments can be higher than the intrinsic differences between the loudspeakers [2] . Although Bech [4] noticed that, for most loudspeakers, the timbral quality of reproduced sounds is usually unaffected by changes in position within a radius of approximately 0.5 m, the positioning issue in listening tests about loudspeakers is still subject to debate. To tackle this problem, experimenters often set and record the different systems at a given position by using generally binaural techniques [21] , the recordings being presented to the listeners over headphones. Recent studies showed that loudspeaker comparison using binaural recordings proved to be an efficient alternative to direct comparison in numerous cases [22, 23] . Another way of avoiding the effects of the loudspeaker position over the quality judgment is the use of a setup that enables to rapidly switch the loudspeakers over the same position like a turntable [9] or an automatic shuffler [24] . With such setups, the transition time is hardly below 1 s (2 s in average for the automatic shuffler), which is already too much if the listener should be able to instantaneously switch between systems to be compared.
Judgment scaling
Loudspeakers are often assessed in terms of "fidelity" [7] . However, this notion may cause a confusion in the listener's mind. The typical stimuli for the perceptual assessment of loudspeaker are music excerpts for which the listener might have no clue about how they should originally sound. The subject might wonder whether the fidelity should be related to the original excerpt or to the original sound scene, on which he has expectations but few objective information. The more so that this scene might be strongly modified by numerous parameters such as the recording room acoustics or the mixing process. The loudspeaker itself may modify the original input because of its own frequency response [25] . Gabrielsson et al. [26] have shown that a slight amplification of the medium to high frequencies can actually lead to increased fidelity ratings compared to the "flat" response condition. This finding suggests that the listeners' desired reproduction (internal reference) did not match the original one in this case. As a result, the colorations added by the resonances occurring even within a high-quality loudspeaker might be perceived [27] and, depending on the test stimulus, enhance or degrade its perceived fidelity. As a result, the fidelity is assessed according to individual taste and experience. The best fidelity then is reached when the reproduced stimulus matches the listener's expectations, as for perceived sound quality. Therefore, assessing a loudspeaker about its fidelity is often considered as equivalent to evaluating its sound quality [28] .
In multiple stimulus presentation, the listeners are asked to rate the systems under test along either a fidelity scale [7] or a quality one [12] . For this kind of assessment, the listener has to grant each system under test an absolute mark, in contrast to preference judgments where he only has to state or quantify his preference. Zielinski et al. [29] recently addressed the numerous biases related to the use of quality or fidelity scales and recommended indirect scaling method through, for example, paired comparisons. The subjective assessment can then be carried out on a preference scale and focus only on the relative performance of the devices. According to Jason [30] , a judgment on a preference scale is considered as intermediate in difficulty between a raw statement of preference and the IEC fidelity scale, from which a preference judgment can be derived, if needed, as the difference between two fidelity judgments. Although paired comparisons on a preference scale are time consuming, this procedure does not require any explanation on the concepts of quality or fidelity on which the listeners do not necessarily agree.
Summary
The aim of this paper is to compare assessment tasks exhibiting procedural difference on the basis of the sound quality ratings they provide about different loudspeaker models. All the considerations developed above were taken into account to design three different test procedures, all based on paired comparisons. The loudspeakers were thus assessed on a relative basis, which means that the listeners had to indicate their preference over the pair under test and not to grant each system a quality or fidelity mark. The sound quality ratings for each loudspeaker under test were derived from these preferences. The comparisons were achieved on different kinds of music excerpts, as the result of a test is acknowledged to be highly correlated to the program material used for the evaluation. The physical performances of the loudspeakers will not be investigated since the aim of the study was not to link the objective performances to the subjective ones.
The AB and switched comparison procedures described above were investigated, enabling to present respectively short and long music excerpts to the listeners. In a first procedure, the listener's task was to compare two short stimuli (matched in loudness) by listening to them consecutively (AB comparison). This method will be referred to as consecutive presentation for the rest of the paper. Although this listening situation is far from the way loudspeakers are naturally used, it ensures repeatable comparisons. It appeared worthwhile comparing sound quality ratings provided by such a procedure to those obtained from assumed more natural procedures, where the comparison can be achieved by listening to longer music excerpts at a level that is not necessarily set beforehand. Therefore, two other procedures were tested, for which the subject had to compare two long stimuli by listening to them alternatively (switching was allowed at any time). This method will be referred to as alternate presentation for the rest of the paper. The loudness was matched in one of these two test procedures, in the other one the listener was free to adjust the reproduction level for each of the two systems under test before giving his preference.
Experimental setup
The perceived audio quality of four loudspeakers was measured in a listening test including three different presentation methods. These procedures were various trade-offs between the reliability and the "naturalness" of the comparison task. The loudspeakers under test came from different manufacturers and were presented to the listeners in monophonic reproduction because it is acknowledged to be more discriminating than stereophonic or multichannel reproduction for sound quality evaluation [31, 32] . Assessment procedures that would appear as natural to the listeners were under study and a comparison of loudspeakers through headphones was thus not considered. It was decided that the subjects had to listen to direct sound radiations rather than to recordings of the loudspeakers. The systems under test were from the same price range and exhibited clearly audible timbre (and presumably quality) differences. They were tested without any a priori knowledge on the quality ratings that they might obtain using the assessment procedures under test. The four tested loudspeakers are denoted by Ls 1 , Ls 2 , Ls 3 and Ls 4 for the rest of the paper.
Scaling method
An indirect scaling method was chosen to evaluate the loudspeaker sound quality. The listener was asked about his preference between two systems instead of absolute quality judgments. Here, the subject could indicate his preference over the two loudspeakers involved in a paired comparison along a single continuous scale on a MATLAB graphical user interface. The two current loudspeakers were always respectively denoted by A and B on the screen, whatever the presentation method (consecutive or alternate). The scale was divided into four intervals of equal width delimited by the labels indicated in Fig. 1 (translated from French).
Program material
In order to compare two different loudspeakers, the same excerpt was played (consecutively or alternatively depending on the procedure) over them. As indicated in Table 1 , three music excerpts were selected from commercially available stereo material. According to their different musical contents (symphonic orchestra, human voice and acoustic guitar, piano solo), they were selected upon their ability to reveal preferential differences between different loudspeakers.
For each piece of music, a rather long excerpt (around 30 s) was initially selected. Then a short excerpt (around 5 s) was extracted from each of these selections. The long and the short excerpts were respectively selected for the alternate presentation and the consecutive one. Each short excerpt was selected upon agreement between three expert listeners (the two authors and one loudspeaker designer). It was assumed to be as representative as possible of its long version (i.e. perceived as having equivalent spectral and dynamic features) to reveal the same perceptual differences between the loudspeakers. All excerpts were extracted from CDs as 16-bit, 44.1-kHz wave-format files.
These stereo excerpts were mixed down to mono by adding the left and right channels. It is often advised to use only one channel for monophonic evaluations [6] , because of the possible cancellations of certain signal components. Nevertheless, it appeared to us that listening to only one side of the stereo scene would not sound natural to the subject, especially with the symphonic orchestra. Comparative listening (between the stereophonic reproduction of the initial signals and the monophonic reproduction of the reduced signal) showed no corruption of the excerpts by this addition. Similar stereo-to-mono reduction was achieved by Choisel and Wickelmaier [33] , as recommended by ITU-R BS.775-1 [34] , in order to compare the stereophonic and the monophonic reproductions of multichannel recordings.
One should note that, here, a stimulus denotes an excerpt reproduced over a given loudspeaker. Presentation for each excerpt then results in N = 4 stimuli, the stimuli numbers being randomized independently for each excerpt, listener and assessment procedure. A trial began with the presentation (consecutive or alternate) of two stimuli and ended with the preference rating. The number of trials needed to achieve all possible paired comparisons of this 4 stimuli was (without comparing a stimulus to itself):
These 6 pairs were arranged according to a Ross' series [35] to avoid as much as possible the successive presentation of two pairs having one stimulus in common. The 6 paired comparisons involving one excerpt were presented in a row to the listener to facilitate his task. A session consisted then of the 18 trials required to assess the 3 excerpts: in practice, the first excerpt was submitted to the first 6 comparisons, then, the second one was heard for the next 6 comparisons and finally the last one was presented for the last 6 comparisons. The excerpt order was randomized for each session.
Loudness matching
For each music excerpt indicated in Table 1 , an assumed realistic listening level was chosen upon agreement between the three expert listeners that selected the stimuli.
The 4 loudspeakers under test were then matched so that the loudness related to the 4 stimuli issued by a given excerpt was the same. This matching process was firstly objectively accomplished using a continuous pink noise and secondly subjectively confirmed [6] . At the first stage, the level was equalized through adjustment of the gain control of each loudspeaker till obtaining 80 dB (B) at the listening position. This matching then was subjectively confirmed by each of the three expert listeners by listening to the 
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As an indication of these listening levels, level measurements (averaged over the duration of the stimuli) at the listening position were around 80.5 dB-SPL for excerpt 1, 76.2 dBSPL for excerpt 2 and 73.4 dBSPL for excerpt 3. These values could slightly vary from one loudspeaker to another, and also according to the excerpt duration, but these variations were generally less than 1 dB.
Assessment procedures
For each subject, the test was made of three sessions, each corresponding to one of the three assessment procedures described below and denoted, respectively, by P r 1 , P r 2 and P r 3 . Their main features are summarized in Table 2 . It is worth recalling that the three excerpts were tested in each session (i.e. 18 trials per session). The procedure order was randomized over tests and each session was preceded by a 3-min pre-test to familiarize the listener with the answering interface and the stimuli. The question asked to listeners was the same in each session and was about their individual preference within pairs; instructions were given orally and in written form. The listeners were explicitly told to assess the stimuli according to their preference independently of their taste for the musical content. During a trial, the currently auditioned stimulus was always indicated on the screen. As recommended by ITU [12] , while the subject was listening to a stimulus, all of the on-screen objects that corresponded to the other stimulus were disabled to prevent mistakes. A 2-min break was given to the listener between two sessions and the test took altogether about 1 h.
Procedure P r 1
This procedure was assumed to be the most repeatable and reliable one; short stimuli (matched in loudness beforehand) were used for consecutive presentation. In one trial, the excerpt was consecutively played over the two loudspeakers to be compared (AB comparison). The subject was allowed to listen to the pair of stimuli as many times as needed before reporting his opinion on the measurement scale. For a given subject, each stimulus pair was only presented in one given order (and not in the reverse one) to shorten the session and to obtain the same number of trials as the two other procedures (as explained before the 4 stimuli were first randomized and then the 6 pairs were specifically arranged). It was assumed that the stimulus presentation order would have no significant effect on the preference ratings. Moreover, the possible order effect was balanced over the whole listener panel because of the random arrangement of the stimuli.
Procedure P r 2
This presentation was meant to be more consistent with the conditions under which a loudspeaker is used: long stimuli (matched in loudness beforehand) were proposed to the listener in alternate presentation. The subject had the opportunity to switch, at any time, from one loudspeaker to the other. He was allowed to listen to the excerpt and switch between both loudspeakers as many times as needed to make his opinion. The excerpt could be played from its beginning or from any other point chosen by the listener in the timeline that was available on the screen. The listening could be interrupted at any time.
Procedure P r 3
In order to place the listener in a natural situation to assess of loudspeaker sound quality, it was decided to finally let him set his own preferred listening level. This procedure was then identical to the previous one, apart from the fact that loudness was not matched. The listener was allowed to vary the reproduction level of each loudspeaker under test by using a dedicated fader. The two faders were displayed on the screen. The reproduction level corresponding to the matched loudness was assigned to the center of the fader stroke and the level could be varied from −6 to +6 dB around this value. The listener was told to set the reproduction level at a comfortable value before giving his judgment. In order to encourage him to vary the volume, the two faders were randomly set within their limits at the beginning of each trial. All level settings were stored for further analysis.
Listening room
The listening room was a recording studio for amplified music. Table 3 indicates that its reverberation time, measured between 125 and 4000 Hz, lies within 0.6 and 0.4 s. This reverberation time complies with the IEC 60268-13 standard specifications [7] (Fig. 2) . 3 shows that the subject and the loudspeakers were all set at 1.5 m from the nearest wall, in agreement with AES and IEC recommendations [6, 7] . The 4 loudspeakers were hidden behind a visually opaque, but acoustically transparent, screen. They were located at 2.5 m from the center of the listener's head which was not constrained. The tweeters were placed at the height of the listener's ears. The distance between two contiguous tweeters was 0.5 m to keep interactions between the loudspeakers as low as possible. In this case, two stimuli to be compared could then be generated by 1.5-m-distant loudspeakers. The listener had thus to compare loudspeakers for which the positional effect might not be negligible [4] but could instantaneously switch between them. The loudspeaker positions were fixed for a given listener and then exchanged from one subject to another to compensate for this effect over the whole listener panel. The 4 loudspeakers were thus swapped across the 4 positions (P o 1 to P o 4 according to Fig. 2 ) so as to assess all of the 4! = 24 possible combinations throughout the study.
Listeners
Fourty-eight listeners (5 women and 43 men) aged from 20 to 60 years (average 28) participated in this experiment. Most of the subjects (37 out of 48) were sound engineering students (Master's degree) from the University of Brest who had passed an audiogram in the month preceding the test and showed normal hearing thresholds. The sample group was complemented by professionals working in the audio engineering field who reported normal hearing. None of them had particular experience in laboratory listening tests. However, because of their work experience, personal knowledge and interest, they were considered as competent to evaluate the sound quality of loudspeakers. According to ISO 8586-2 standard [36] , they match the definition of "expert". Each subject carried out the three assessment procedures consecutively but in random order, with the four loudspeakers arranged according to a given layout that was fixed for his test.
In all, each of 24 different loudspeaker arrangements was tested by two different listeners, so as to assess twice each specific combination. Listeners' effects over the quality ratings were thus not regarded; because of their expert status, they were expected to exhibit low variability in their subjective assessments. The influence of the position over the preference ratings could be investigated instead.
Derivation of the quality ratings
The preference scale ( Fig.1 ) was continuous and numerically ranged from 0 to 1. Since listeners were free to use the answering scale at their convenience, no normalization was applied to the results. The preference of stimulus i versus stimulus j is denoted by P ij where P ij = 1 indicates in this case a strong preference for stimulus i and P ij = 0 a strong preference for stimulus j. P ji can be deduced by using:
The result to each trial was thus a preference rating lying within 0 and 1. For each subject, preference ratings (related to stimulus pairs) were then transformed into sound quality ratings (related to single stimuli) by using a linear model to compute merit scores [37] :
where S i is the merit score of stimulus i. The merit scores related to the 4 stimuli needed to reproduce a given excerpt over the different loudspeakers were obtained by using the 6 preferences ratings needed to achieve the paired comparisons involving these stimuli, as explained in Eq. (1). Using this method each merit score, denoted as sound quality rating for the rest of the paper, lies thus within 0 and +3. The linear model enabled a good correlation (r = 0.85; p < 0.001) between measured preferences and the ones that were reconstructed by using the scores obtained from Eq. (3).
Results
The effective test duration (without pre-tests and breaks) was in average 44'43", where the mean durations per session were:
• 08'42" for procedure 1,
• 16'33" for procedure 2,
• 19'28" for procedure 3.
A four-way analysis of variance (Table 4) was carried out to look at the effects of the factors:
• P r: assessment procedure (3 levels),
• Ls: loudspeaker model (4 levels),
• P o: loudspeaker position (4 levels),
• Ex: music excerpt (3 levels), and their interactions over the sound quality ratings. One should note that simple effects of the procedure and the excerpt were not directly observable, the average rating per procedure and per excerpt being always equal to 1.5 because of the data collection method (i.e. ratings derived from preferences). As an example, considering only one excerpt and one listener, the average scoreS in each procedure is necessarily:
= (P 12 + P 13 + P 14 ) + (P 21 + P 23 + P 24 ) + (P 31 + P 32 + P 34 ) + (P 41 + P 42 + P 43 ) 4 = 6 4 (4) and shall remain the same when averaging over excerpts and listeners. Simple procedure and excerpt effects could have been observed by collecting absolute judgments but their significance would only imply that the stimuli are globally more appreciated using one procedure or excerpt than another one. The present experiment is neither designed nor aimed at highlighting such effects. It is here worth recalling that the goal of the present study is to compare listening procedures on the basis of the sound quality evaluations they provide about four different loudspeakers. Such a comparison can still be achieved by looking at the interaction between procedure and loudspeaker.
Loudspeaker effects
According to the analysis of variance, the most influential factor is the loudspeaker itself (F (3, 1584) = 87.7; p < 0.001). The loudspeakers under test obtained thus statistically different sound quality ratings. However, according to Fisher's LSD test b , among the loudspeakers, only item Ls 1 was significantly (p < 0.001) less appreciated than the 3 other ones; Fig. 4 evidences that the loudspeakers Ls 2 , Ls 3 and Ls 4 were systematically preferred to it. The sound quality rating related to a given loudspeaker model proved to be dependent on the way it was assessed, as shown by the significant P r × Ls interaction (F (6, 1584) = 3.06; p < 0.01). Using procedure P r 3 , Ls 2 could be statistically separated from Ls 3 and Ls 4 , whereas these 3 loudspeakers could not be distinguished using P r 1 and P r 2 . As shown in Fig. 5 , Ls 2 obtained significantly higher ratings than Ls 3 and Ls 4 (p < 0.05 and p < 0.01 respectively) in the third procedure.
The sound quality rating related to a given loudspeaker model was also dependent on the excerpt used for the comparison, as shown by the significant Ls × Ex interaction (F (6, 1584) = 8.67; p < 0.001). Whatever the excerpt, Ls 1 obtained significantly lower ratings than its three opponents. Excerpts Ex 2 and Ex 3 proved to be more discriminant than Ex 1 (Bernstein, symphonic orchestra with possibly large masking effect) using which Ls 2 , Ls 3 and Ls 4 could not be statistically separated. Using Ex 2 (Ben Harper), loudspeaker Ls 3 obtained a significantly higher rating than Ls 2 (p < 0.05) and Ls 4 (p < 0.01), as shown in Fig. 6(a) . On the contrary, Ls 3 obtained significantly lower quality ratings than Ls 2 and Ls 4 (p < 0.001 in both cases) using Ex 3 (Gershwin, piano solo recording with impulsive sounds), see Fig. 6 (b). Loudspeaker model
Sound quality rating
Figure 5: Mean quality ratings for the 4 loudspeakers obtained by using assessment procedure P r 3 , within their 95% confidence intervals.
The fact that a loudspeaker quality rating may vary across the excerpts indicates that the loudspeaker behavior (and subsequently its assessment) depends on its excitation, which was already shown by past studies [2, 3, 4] .
Finally, the sound quality rating for a given loudspeaker was dependent on the combination of the music excerpt and the assessment procedure, as proven by the significance of the P r × Ls × Ex third-order interaction (F (12, 1584) = 2.24; p < 0.01). As an example, the observations that were made about Ex 2 and Ex 3 when considering all procedures (see respectively Fig. 6(a) and Fig. 6(b) ) were also valid when considering only P r 2 as illustrated in Fig. 7(a) and Fig. 7(b) respectively. This applied also when considering only P r 3 but not for P r 1 for which only Ls 1 could be significantly separated from the three other loudspeakers. In addition, whatever the excerpt-procedure combination, loudspeaker Ls 1 obtained significantly lower ratings than the other items under test. Loudspeaker model
Figure 6: Mean quality ratings for the 4 loudspeakers obtained by using excerpts Ex 2 (a) and Ex 3 (b), within their 95% confidence intervals.
(a) Loudspeaker model
Figure 7: Mean quality ratings for the 4 loudspeakers obtained by using assessment procedure P r 2 and excerpts Ex 2 (a) and Ex 3 (b), within their 95% confidence intervals.
Position effects
As expected from previous studies [2, 4] , the loudspeaker position also had a significant influence on the perceived sound quality (F (3, 1584) = 63.69; p < 0.001). When the loudspeakers were placed in front of the listener (P o 2 and P o 3 with respect to Fig. 3) , the sound quality ratings were significantly higher than when placed on the sides (P o 1 and P o 4 ), as can be seen in Fig. 8(a) .
The loudspeakers were thus preferred in frontal position. This statement may have several explanations: (i) the listening room excitation depends on the loudspeaker location and (ii) when the loudspeaker is placed off-axis, the (a) Loudspeaker position Sound quality rating P o1 P o2 P o3 P o4
(b) Loudspeaker position
Sound quality rating P o1 P o2 P o3 P o4 listener may need to turn his head toward the source and this "effort" could have a negative effect on his quality assessment. No significant interaction was found between the loudspeaker and the position: the positional effect was the same for the different loudspeakers.
The positional effect was dependent on the excerpt as shown by the significance of the interaction between these two parameters (F (6, 1584) = 4.35; p < 0.01). In a given position, the quality ratings obtained using different excerpts might be significantly different, as illustrated in Fig. 8(b) . This suggests that the listening room response depends on the loudspeaker-excerpt combination. According to Bech [4] , the differences between positions could be more audible for certain programs.
Discussion
The main observation that can be made about this analysis is that the sound quality ratings regarding the four loudspeakers under test were very stable over the different assessment procedures and music excerpts. As a rule, loudspeaker Ls 1 obtained systematically significantly lower quality ratings than Ls 2 , Ls 3 and Ls 4 which were practically judged equivalent. The three latter loudspeakers could be separated only under certain conditions: using procedures P r 3 whatever the excerpt and using P r 2 with excerpts Ex 2 and Ex 3 .
It could then be thought than the long excerpts used in procedures P r 2 20 and P r 3 were more suited to the evaluation of loudspeaker sound quality than the short ones as they enabled slightly but significantly finer assessments. Based on the three music excerpts under test, such durations should then be preferred when loudspeaker of very close sound qualities have to be compared. However, some differences can be noted in the assessments stemming from procedures P r 2 and P r 3 involving these long excerpts. P r 3 appeared slightly more discriminant as it enabled to separate between loudspeakers having similar sound qualities when taking all excerpts into account, whereas P r 2 enabled it only for 2 excerpts among 3. The only procedural difference was that the listener was free to adjust the relative reproduction level (denoted by L), at his convenience between −6 and +6 dB around the value that corresponded to the initially matched loudness (L = 0 dB), throughout P r 3 as indicated in 2.4.3. For each trial, the listener could adjust L for the two stimuli involved in the paired comparison by using dedicated faders displayed on the screen. He was told to indicate his preference once the two levels were set. Nevertheless, it is worth wondering what caused the differences between the two alternate presentations: is it caused by the supposed naturalness of P r 3 or by an artifact of loudness differences, introduced by the test procedure, and leading to differences in the preference ratings? According to Gabrielsson et al. [16] , when two equivalent loudspeakers are compared at different levels, the loudest one can be preferred.
A three-way analysis of variance was then carried out to examine how the relative reproduction level L was affected by the 3 experimental variables:
• Ex: music excerpt (3 levels), and by possible interactions in procedure P r 3 . This analysis (see Table 5 ) showed that the factor loudspeaker had no significant influence on the level setting; the average listening level was alike for the 4 different loudspeakers under test. The preferred level for a given loudspeaker did also not depend on the excerpt used to achieve comparisons, as proven by the non-significant Ls×Ex interaction. On the other hand, the excerpt effect proved to be highly significant (F (2, 1680) = 13.30; p < 0.001); the differences in level settings among excerpts can be seen in Fig. 9 .
The listening level was also dependent on the loudspeaker-position combination, as shown by the significant Ls × P o interaction (F (9, 1680) = 5.15; p < 0.001). At a given position, the listening level at which the different loudspeakers were set could then significantly vary. This observation confirms the fact that the room behavior depends on both the position and the frequency response of the source, as was already observed by Bech [4] .
The important result regarding this analysis is that the loudspeakers were globally not listened to at different levels, the preferred level being the same for all loudspeakers. The procedure P r 3 enabled each listener to set the level but in average it did not introduce loudness differences between loudspeakers. Preferential differences compared to P r 2 cannot be charged to non-matched listening levels which have already proven to affect the subjective assessments [16] . The observation of the level setting during a trial also proved that the listeners followed the instructions and compared the two stimuli once the two levels were set. It might nevertheless be argued that this operation could give some hints about the loudspeaker behavior at various levels and finally influence the final judgment. On the other hand, a t-test showed that the average durations of procedures 2 and 3 (respectively 16'33" and 19'28") were not statistically different (t(47) = −1.63; p = 0.11). The slightly higher discrimination in P r 3 cannot in any case be caused by the fact that the listeners spent more time on this procedure as the level setting process did not significantly increase the session duration. The listeners' settings proved to be significantly higher than the ones initially chosen by the expert listeners (see Fig. 9 ). The relative increase was quite moderate (2.2 dB at the most) and should not change the loudspeaker behavior in a highly significant way. This procedural difference caused small but significant differences in the sound quality ratings obtained in P r 3 compared to P r 2 (see Fig. 5 ). As a result, the setting process enabled the listeners to select a comfortable level that was significantly different from the preset one (i.e. moderately higher) and slightly enhanced the discrimination between loudspeakers.
Conclusion
This paper dealt with the comparison of three different procedures designed to assess loudspeaker sound quality. The listeners were proposed successive or alternate listening, for the latter case the reproduction level was matched beforehand or set by the subject himself. These assessment procedures were compared on the basis of the sound quality ratings obtained by four different loudspeakers in each session and the main result of this comparative study is that the subjective assessments were stable over the different procedures. For three different music excerpts, the three designed procedures gave consistent results, although it can be argued that intrinsically different stimuli were used, namely short and long ones. As a rule, one of the loudspeakers obtained significantly lower quality ratings than the other ones. The three other loudspeakers obtained very similar quality ratings when considering all excerpts and assessment procedures.
Nevertheless, the listener's ability to separate between loudspeakers perceived as qualitatively very close proved to be dependent on the excerpt and procedure used to assess sound quality. The procedures under test exhibited thus differences in their discrimination power among the assessed loudspeakers using three different music excerpts. It appeared that the procedures 2 and 3, that were assumed to be more natural than a classical AB comparison of short excerpts, enabled to obtain significantly different ratings whereas statistically equivalent ones were obtained in procedure 1. Even though the comparison task was supposed to be more reliable using short excerpts, it appeared that such stimuli did not enable to separate between loudspeakers having very similar sound qualities. Nevertheless, this procedure proved to have a significantly shorter duration. Under certain conditions, the longer excerpts enabled the listeners to give finer quality ratings, especially when they were allowed to set the reproduction level. The listeners' settings proved to be slightly but significantly higher than the listening levels that were initially chosen by the expert listeners.
